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ABSTRACT

ARTICLE INFO

Curcuma longa is used traditionally in the treatment of diabetes
and diabetic complications. Aldose Reductase (ALR2) inhibition
is a plausible therapeutic strategy against diabetic complications.
This work was aimed at evaluating Curcuma longa
phytochemicals, in silico, for their ALR2 inhibitory potentials.
Thirty-nine (39) phytoconstituents of Curcuma longa were
subjected to a succession of in silico screenings comprising
molecular docking, drug-likeness and safety profiling to identify
ALR2 inhibitor leads, validating their binding interactions with
molecular dynamics simulations at 50 ns simulation time. The in
silico evaluations afforded two demethoxylated curcuminoids,
bisdemethoxycurcumin and demethoxycurcumin, as potential
ALR2 inhibitor leads forming stable ALR2 complexes, their
relative  potencies correlating to their degrees of
demethoxylation. The two curcuminoids are herein
recommended as leads for the discovery of ALR2 inhibitory
antidiabetic complication drug leads.
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INTRODUCTION

Diabetes mellitus is a metabolic disease characterized by
elevated blood glucose level (or hyperglycemia) originating from
impairment of insulin secretion and/or action [1]. Regardless of
etiology, prolonged or unchecked hyperglycemia results into
oxidative and at times, osmotic, stresses leading to devastating
tissue damages summarily described as diabetic complications,
and to which diabetes owes its high morbidity and mortality [2].
Commonly reported of such complications include retinopathy,
neuropathy, nephropathy and various cardiomyopathies, e.g.,
stroke [2, 3].

Hyperglycemia-induced oxidative stress, in particular, plays a
pivotal role in the pathogenesis of diabetic complications, as
supported by reports of increase in levels of oxidised cellular
macromolecules in virtually all cases of diabetic complications
[4, 5]. This is probably rooted in the multiple ways via which
increased blood glucose level may induce oxidative stress.
These include direct glucose involvement in the impairment of
cellular antioxidant defence by anti-oxidant enzyme glycation as
seen in Superoxide Dismutase glycation [6, 7], and in the
generation of Reactive Oxygen Species (ROS) via glucose
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auto-oxidation, mitochondrial electron transport distruption, and
non-enzymatic glycation processes leading to Advanced
Glycation End-products (AGEs) formation [8, 9]. Yet another
hyperglycemia-induced oxidative stress mechanism is the
activation of the polyol pathway of glucose metabolism. It is an
indirect mechanism as it is devoid of direct glucose action which
either generates ROS or depletes cells of defence antioxidant
enzymes as seen in the afore-listed mechanisms. It is an
alternate glucose metabolism pathway that is rather
inconsequential in normoglycemia as it is normally responsible
for the bioconversion of only about 2 % of total blood glucose
[10]. In protracted hyperglycemia, however, it becomes
activated and responsible for the bioconversion of up to 30% of
the already elevated blood glucose, leading to accumulation of
sorbitol, the formation of which is accompanied with oxidative
stress via three different mechanisms involving direct glycation
and ROS formation via coupled reactions ensuing from cofactor
dependence of the pathway’s two enzymes, aldose reductase
(ALR2) and sorbitol dehydrogenase (SDH) [11].

The first mechanism of oxidative stress induction by polyol
pathway activation is mediated by its first step, the rate-limiting
ALR2-dependent conversion of glucose to sorbitol. This step
occurs at the expense of reduced Nicotinamide Adenine
Dinucleotice Phosphate (NADPH), causing a depletion of the
cellular antioxidant Glutathione (GSH), the synthesis of which
requires NADPH [12]. Another oxidative stress mechanism of
polyol pathway activation is borne out of the activity of the
second enzyme of the pathway, SDH, in the conversion of
sorbitol to fructose. This conversion requires the oxidised
Nicotinamide Adenine Dinucleotide (NAD*) as cofactor, leading
to cellular accumulation of the reduced cofactor (NADH) which
is the substrate of NADH oxidase, involved in the synthesis a
number of ROS [13]. The third oxidative stress induction
mechanism of polyol pathway activation is owed to the chemical
nature of its fructose end product and possible derivatives
(fructose-3-phosphate and 3-deoxyglucosone), which are
naturally stronger glycating agents than glucose, leading to
formation of AGEs and consequent ROS [14, 15].

ALR2, being a pathway’s rate-limiting enzyme would ordinarily
offer itself as a plausible drug discovery target. This probably
explains why ALR2 has been the target focus of many
antidiabetic complication drug discovery projects [16, 17].
Notwithstanding, there is yet a paucity of such agents in
antidiabetic drug therapy [18, 19]. The paucity of clinical
antidiabetic complication ALR2 inhibitors could be attributed to
reasons bordering on safety and selectivity of candidates [20].
This in turn may not be unconnected to the fact that ALR2 is
closely related to another aldo-ketoreductase, aldehyde
reductase (ALR1) [21], which is crucial to the metabolic
clearance of reactive aldehydic xenobiotics and metabolites of
many biochemical processes, the systemic accumulation of
which could be devastating physiologically [22, 23]. There
remains therefore a high need for the discovery of new ALR2
inhibitors that would be safe and selective enough to be
deployed clinically as routine medications in antidiabetic drug
management to prevent or treat diabetic complications.
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Exploring folkloric uses of medicinal plants remains a viable
drug lead discovery approach [24, 25]. Looking for antidiabetic
complication drug leads from medicinal plants with folkloric
antidiabetic/antidiabetic complication claims should therefore
be a right step towards discovering antidiabetic complication
drug leads [26, 27]. Such is Curcuma longa, a Rhizomatous
herbaceous perennial in the Zingiberaceae plant family. It is a
food and medicinal plant noted for its folkloric
antidiabetic/antidiabetic complication claims. Its chemistry is
dominated by the presence of plain and conjugated
diarylheptanoids generally referred to as curcuminoids and to
which Curcuma longa is believed to largely owe its spicy and
therapeutic properties despite reports of presence of other
phytochemical groups, including alkaloids, coumarins and
flavonoids [28, 29].

In this investigation, we aimed at a possible discovery of
antidiabetic complication drug leads from both cucuminoid and
non-curcuminoid phytoconstituents of Curcuma longa, using in
silico techniques.

MATERIALS AND METHODS

Materials and Softwares

All in silico protocols were carried out on an HP ProBook
equipped with intel Core i5, 500GB Hard Disk, 8 GB RAM;
Protein preparations were done using UCSF Chimera 1.14 [30];
2D and 3D ligand-macromolecule complex interactions were
visualized using BIOVIA Discovery studio visualizer 2021 [31];
multiple ligands docking was carried out with PyRx [32]
molecular docking software equipped with AutoDock Vina and
Open Babel plugins; SwissADME [33] and Protox Il [34]
webservers were used for drug-likeness and toxicity profilings
respectively; molecular dynamics simulations were performed
using the University of Arkansas for Medical Sciences (UAMS)
simlab WebGro [35] webserver; other webservers visited in the
course of this study included: RCSB Protein Databank (PDB)
[36], Pubchem [37], PRODRG [38], CASTp [39] and Uniprot
[40].

Protein Preparation

An X-ray crystal model of a ternary (ALR2; PDBID 1AH3; 2.30
A), was uploaded into Chimera 1.14 workspace by direct fetch.
All non-standard residues including tolrestat, the cocrystallized
inhibitor, the coenzyme NADPH and water molecules were
removed. Hydrogen atoms and amber charges were added and
the structure subsequently minimized using 200 steepest
descent and 10 conjugate gradient steps energy minimization
algorithm of the software. The ensuing prepared protein
structure was saved for subsequent uses.

Docking Protocol Validation

Tolrestat structure data was built into the Curcuma longa
phytoconstituent library file and docked alongside the
phytoconstituents into the mapped site in the macromolecule.
The coordinates of the native and those of the lowest-energy
pose of the docked tolrestat were subsequently superimposed
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and RMSD calculated, using BIOVIA Discovery Studio
visualizer.

Curcuma longa Ligands Preparation

Thirty-nine (39) compounds of Curcuma longa identified from
literature [28, 29] were retrieved from Pubchem database as
structure data files and built into a one-file library. The library file
was uploaded into the Open Babel workspace of PyRx for
energy minimization and subsequent conversion into pdbat (or
autodock-compliant) ligands.

Multiple Ligands Docking

Prepared pig ALR2 (PDBID 1AH3) was uploaded into the PyRx
docking workspace and made macromolecule. The Curcuma
longa phytoconstituents library file was imported into the
docking workspace and the 39 compounds therein (comprising
curcuminoids, coumarins and flavonoids) selected as ligands
before the autodock vina algorithm was run, using the three-
dimensional coordinates of the native tolrestat molecule as
guide for docking-site mapping, translating to the following grid-
box coordinates (in Angstroms): center_x = 67.1699493018;
center_y = 40.4447862549; center_z = 90.9558925756; size x
=17.3125093612; size_y = 14.9676312165.

Drug-likeness and Toxicity Profilings

Fifteen topmost of the phytoconstituents, having their docking
scores comparable to that of tolrestat, were selected as hits and
screened against the five (i.e., Lipinski, Verber, Ghose, Muegge
and Egan) drug-likeness filters in the SwissADME webserver,
setting violation of none of the stipulations of each of the filters
as criterion for drug-likeness selection. The ensuing seven,
based on this criterion, were further screened through the
toxicity prediction algorithm of Protox Il webserver to identify
leads on the basis of high (= 1500 mg/Kg) LD50 and absence
of organ and toxicity endpoint tendencies of carcinogenicity,
cytotoxicity, hepatotoxicity, immunotoxicity and mutagenicity.
Canonical SMILES [41] were used as the main inputs of both
screenings.

Molecular Dynamics Simulations

The binding interactions of the identified leads were validated
by carrying out molecular dynamics simulation studies on their
ALR2 complexes using Webgro, the University of Arkansas for
Medical Sciences (UAMS) webserver for molecular dynamics
simulation. Independent variable parameters were set as
follows: Box type was ftriclinic with SPC water model;
GROMOS9643a1 was selected as force field; equilibrium
temperature was 300 K, while simulation time was set at 50 ns.
Ligand - macromolecule complexes were prepared as pdb files
with BIOVIA Discovery Studio; Ligand topology files were
prepared with PRODRG webserver, using coordinates
extracted from the text formats of the complexes.
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RESULTS

Docking Validation

The coordinates of the docked tolrestat in its best-pose
conformation superimposed well on those of its native
counterpart with a calculated 1.46 A RMSD.

Molecular Docking

Tolrestat was re-docked with a binding energy of - 8.8 Kcal/mol.
The thirty-nine Curcuma longa phytoconstituents docked with
binding energies ranging from - 9.6 Kcal/mol to - 5.5 Kcal/mol.
Fifteen (15) of them (comprising 11 curcuminonid-skeleton
comtaining compounds, 3 flavonoids and one sesquiterpenoid)
showed comparable binding energies (-9.6 Kcal/mol to - 8.3
Kcal/mol) to the - 8.8 Kcal/mol of the native ligand and thus
selected as hits, the curcuminoid bisdemethoxycurcumin
showing the best (-9.6 Kcal/mol) docking score. Table 1 shows
the details of the ALR2 binding energies of tolrestat and the
selected hits.

Drug-likeness and Toxicity Potentials Screenings

Seven of the fifteen hits (comprising four curcuminoids and
three flavonoids) fulfilled the set criterion for drug-likeness,
violating none of the stipulations of each of the five drug-
likeness filters of SwissADME (Table 2). They demonstrated
LDso values ranging from 1500 to 3919 mg/Kg. The three
flavonoids showed tendencies of cytotoxicity while curcurmin
and cyclocurcumin showed tendencies of immunotoxicity.
Bisdemethoxycurcumin and demethoxycurcumin showed no
tendency of inducing any of the toxicity parameters tested.
Table 3 shows the predicted toxicities of the aforementioned six
compounds.

Molecular Dynamics

The ALR2 complexes of bisdemethoxycurcumin (BDMC) and
demethoxycurcumin (DMC) converge around 2 ns and 15ns
respectively. The two complexes however stayed largely within
a deviation of 2.5 A from their respective initial structures in the
course of 50 ns simulation time (Fig. 1). ALR2 in the ALR2-
BDMC complex showed significant fluctuations in the
equilibrium positions of the residues around 130 and 220
positions while residues around positions 70, 130, 220 and 270
suffered significant fluctuations in the DMC complex. However,
the overall degree of fluctuations for BDMC and DMC in their
respective complexes were approx. 45 A and 35 A
respectively. These fluctuations are as depicted in the RMSF
plots in Fig. 2.

Each curcuminoid ligand experienced an overall approx. 5 A
fromits initial conformation, the constancy of this deviation more
largely maintained in DMC over the 50 ns simulation time than
in BDMC (Fig. 3). And despite these immense curcuminoid
conformational variations, the radii of gyration of complexes
were largely maintained at around 19 A (Fig. 4).
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Table 1: Tolrestat and 15 Curcuma longa phytoconstituents arranged in order of decreasing docking score (or binding
affinity) in Kcal/mol

SIN Name Binding energy (Kcal/mol)
1 Tolrestat -8.8
2 Bisdemethoxycurcumin -9.6
3 Terpecurcumin R 9.3
4 Terpecurcumin O -9.2
5 Demethoxycurcumin 9.1
6 Terpecurcumin J -9.1
7 Curcumin 9.0
8 Curcumin glucuronide -8.9
9 Cyclocurcumin -8.9
10 Terpecurcumin U 8.9
11 Genistein -8.8
12 Tetrahydrocurcumin 8.7
13 Apigenin -8.5
14 Kaempferol -8.4
15 Terpecurcumin N 8.3
16 Tumerone -8.3
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Table 2: Violation patterns of Lipinski, Verber, Ghose, Muegge and Egan drug-likeness filters by fifteen ALR2-inhibiting hits from
Curcuma longa

S/IN  Compound Lipinski Ghose Veber Egan Muegge Bioavailability
Score
1 Bisdemethoxycurcumin® 0 0 0 0 0 0.55
2 Terpecurcumin R 1 4 1 1 1 0.55
3 Terpecurcumin O 1 4 1 1 1 0.56
4 Demethoxycurcumin 0 0 0 0 0 0.55
5 Terpecurcumin J 1 4 0 1 1 0.56
6 Curcumin* 0 0 0 0 0 0.55
7 Curcumin glucuronide 2 2 2 1 2 0.1
8 Cyclocurcumin® 0 0 0 0 0 0.56
9 Terpecurcumin U 1 4 1 1 1 0.56
10 Genistein* 0 0 0 0 0 0.55
11 Tetrahydrocurcumin 1 0 1 1 2 0.11
12 Apigenin* 0 0 0 0 0 0.55
13 Kaempferol* 0 0 0 0 0 0.55
14 Terpecurcumin N 1 4 1 1 1 0.56
15 Tumerone 0 0 0 0 1 0.55

*violated none of the stipulations of each of the five filters

Table 3: Predicted toxicity profiles of six drug-like ALR2-inhibiting hits

Organ toxicity/Toxicity endpoints
SIN Compound LD50 Hepato  Carcino Immuno Cyto Muta
(mg/Kg) Toxicity Genicity toxicity  toxicity  genicity

1 BDMC 2560 - - -
2 DMC 2000 - - - -
3 Curcumin 1500 - - Active -
4 Cyclocurcumin 1500 - - Active -
5 Genistein 2500 - - - Active
6 Apgenin 2500 - - - Active
7 Kaempferol 3919 - - - Active
- = Not active

BDMC = Bisdemethoxycurcumin
DMC = Demethoxycurcumin
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Fig. 1: RMSD plots of ALR2 complexes with A — bisdemethoxycurcumin (BDMC) and B — demethoxycurcumin (DMC) in a 50 ns

molecular dynamics simulation.
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Fig. 2: RMSF plots of ALR2 complexes with A — bisdemethoxycurcumin (BDMC) and B — demethoxycurcumin (DMC) after 50 ns

molecular dynamics simulations
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bisdemethoxycurcumin (BDMC) and B- demethoxycurcumin (DMC) in the ALR2 binding pocket
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Fig. 4: Radius of gyration (RoG) of A — bisdemethoxycurcumin (BDMC) and B- demethoxycurcumin (DM
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Fig. 5: A - 2D and B - 3D simulations of the binding interactions of bi of bisdemethoxycurcumin (BDMC) with amino residues at
ALR2 active site
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Fig. 6: A - 2D and B — 3D simulations of the binding interactions of bi of demethoxycurcumin (DMC) with amino residues at ALR2
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Fig. 7: 2D structures of : A- curcumin; B- cyclocurcumin; C- demethoxycurcumin (DMC) and D - bisdemethoxycurcumin (BDMC)

Binding Interactions of Bisdemethoxycurcumin and
Demethoxycurcumin at ALR2 Active Site

BDMC was held in place in the binding pocket by three
conventional hydrogen bonds with the residues HIS110,
TRP111, SER210 in addition to other supramolecular
interactions including pi-pi, pi-sigma and van der Waals forces
(Fig. 5). The hydrogen bonds with HIS110 and TRP110 were
preserved in DMC interactions. Additional hydrogen bonds (with
ILE260 and CYS298 residues) were however notable addition
to other supramolecular pi-pi stacked, pi-pi T-shaped and van
der Waals forces (Fig. 6).
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DISCUSSION

Ever since the discovery of the antidiabetic-complication
therapeutic potentials of ALR2 inhibition, concerted efforts have
poured ceaselessly into the discovery of ALR2 inhibitors.
Despite over four decades of search, however, existing
inhibitors have failed to obtain globally persuasive clinical
success as they are yet to convincingly prove the arrest of the
cellular maladies of diabetic complications [42]. One major
roadblock to the discovery of clinical ALR2 inhibitors with the
desired effectiveness is the high toxicity tendency of potential
inhibitors predicated largely on their unwanted inhibition of a
closely related aldo-ketoreductase, aldehyde reductase (ALR1)
[43]. Deployment of in silico techniques on one hand, therefore,
would not only fast-track discovery, but would actually minimize
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or eliminate losses accruable to failing late in the discovery
cascade [44]. On the other hand, the use of natural product as
leads or initial templates would take advantage of nature’s
unique associated structural novelty and/or functional
intricacies necessary for the achievement of the required
selectivity [45, 46]. This investigation attempted harmonizing
these merits by subjecting the phytoconstituents of Curcuma
longa to a battery of in silico evaluations, leading to the
identification of two curcuminoids, bisdemethoxycurcumin and
demethoxycurcumin, as ALR2 inhibitory antidiabetic-
complication drug leads.

The PDB ALR2 model (1AH3) used was adjudged suitable for
the docking experiment on account of its good 2.30 A resolution
and for being an inhibitor conformation model of the holo form
of the enzyme [47]. The 1.46 A root mean square deviation
(RMSD) between the docked and native poses of the co-
crystalized ligand, tolrestat, validated the docking protocol as
reliable [48]. Docking 39 phytoconstituents of Curcuma longa
(including flavonoids, coumarins, sesterpenes, curcuminoids
and curcuminoid conjugates, etc.) and arranging the ensuing
docking scores in increasing order of binding energies led to the
identification of fifteen compounds with docking scores
comparable to the -8.8 Kcal/mol binding energy of the re-
docked co-crystalized inhibitor, tolrestat, and hence selected as
hits [49, 50], comprising three natural curcuminoids (curcumin,
demethoxycurcumin and bisdemethoxycurcumin); one cyclic
curcuminoid  derivative (cyclocurcumin); five curcuminoid
sesquiterpene conjugates (terpecurcumins J, O, N, R, U); one
glucuronide  conjugate  (curcumin  glucuronide); one
sesquiterpene (tumerone) and three flavonoids (genistein,
apigenin and kaempferol) (Table 1). As ALR2 inhibitor hits, they
all have very great propensities of interacting with ALR2 in an
inhibitory manner. However, given that most drugs that fail late
in the drug discovery process fail on pharmacokinetics and
toxicity accounts, it is now considered that leads entering the
design stage of drug discovery should have optimum
pharmacokinetics/drug likeness and safety profiles [51-53].
Hence, the Pharmacokinetics/drug-likeness and toxicity
profiling segments of the in silico screenings.

The SwissADME webserver has, inter alia, algorithms for five
different drug-likeness filters namely Lipinski, Verber, Ghose,
Muegge and Egan filters [54]. Each of these filters has a number
of rules and a pre-set condition as to the number of violations
permissible to qualify as drug-like [54]. Because of the
variations in the physicochemical basis of the filters and in the
number of violations permissible, we set non-violation of any
stipulation of each of the filters as condition for drug-likeness
selection. Only seven of the fifteen hits subjected to the drug-
likeness screening fulfilled this rather strict criterion (Table 2).
The seven compounds comprised four curcuminoids and three
flavonoids. The curcuminoid components were made up of the
three natural curcuminonids (curcumin, demethoxycurcumin
and bisdemethoxycurcumin) and a cyclic derivative of curcumin
(cyclocurcumin) while the flavonoid components are genistein,
apigenin and kaempferol. It is worthy of note that all the
curcuminoid conjugates (comprising curcumin glucuronide and
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the five sesquiterpene conjugates, terpecurcumins J, O N, R
and U) did not make the drug-like compounds list. Their huge
molecular weights contributed in no small ways to this failure as
each of them has a molecular weight > 500 g/mol, a violation of
one of the four stipulations of the Lipinski's filter [53]. The failure
of tumerone, a rather small molecule of optimum molecular
weight (MW 218.33 g/mol) was due to the strictness of the set
criterion of not violating any of the stipulations of each of the five
filters. Tumerone violated only one of only the Muegge filter's
stipulations [55].

The last port of call in the ALR2 inhibitor leads screen was
toxicity profiling. This was imperative because in addition to
toxicity contributing immensely to failing at clinical trial stages of
the drug discovery process in general, it would much more to
ALR2 inhibitors discovery in particular because of the need for
potential inhibitors to bind selectively to ALR2, sparing the
closely related aldo-ketoreductase aldehyde reductase (ALR1).
Final lead selection was done from the drug-like hits list based
on having a minimum of 1500 mg/kg LDso and lack of tendency
to induce organ toxicity and toxicity endpoints parameterized as
hepatotoxicity, cytotoxicity, immunotoxicity, carcinogenicity and
mutagenicity. All the seven candidates of this toxicity screening
demonstrated an LDs of 1500 mg/kg or greater, showing that
whatever toxicity tendency any of them may show is not likely
to occur within a human tolerable dose range. Notwithstanding,
weeding off candidates with traces of sign of toxicity would be
of utmost interest in a discovery program as ALR2 inhibitors
discovery wherein toxicity of prospective inhibitors has been the
albatross of decades of concerted discovery efforts [56]. Hence,
the key role that manifestation of organ toxicity and toxicity
endpoints played in the final lead selection.

The three flavonoids, kaempferol, apigenin, and genistein,
showed cytotoxicity tendencies and therefore were not
selected. This is attributable to their compact and flat structures
which makes them amenable to intercalation of DNA double
helices and hence possibly interfere with cell division [57]. In the
same vein, curcumin and its cyclic derivative cyclocurcumin
showed immunotoxicity tendencies, leaving
bisdemethoxycurcumin  (BDMC) and demethoxycurcumin
(DMC) as the only two compounds showing no toxicity
tendencies at all. Unlike the flavonoids, structural rationalization
of the toxicity tendencies of curcumin and cyclocurcumin is not
facile. Nevertheless, the simple but rather striking structural
difference between curcumin/ cyclocurcumin pair on one hand
and demethoxycurcumin/bisdemethoxycurcumin  pair on
another, can be speculated upon to account for their different
potential toxicities as follows: The basic curcuminoid skeleton
is essentially made up of a fully conjugated C7 hydrocarbon
chain flanked by two oxygenated aromatic rings. While in
curcumin and cyclocurcumin, aromatic oxygenation is by
methoxy and hydroxyl substitutions, it is short of one and the
two methoxy groups in DMC and BDMC respectively (Fig. 7).
Aromatic methoxylation could have profound electronic and
steric consequences on the chemical and biochemical
properties of a molecule [58]. The lack of one and two aromatic
methoxy groups respectively in DMC and BDMC, compared to
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curcumin, therefore, is enough to influence their
macromolecular interactions and, by extension, their toxicity
profiles as observed. This also, in a way, explains the minor
variations seen in the ALR2 interaction patterns of these
demethoxylated curcuminoids selected as ALR2 inhibitor leads.
Apart from induced fit docking (IFD) which incorporates
algorithms to account for momentary atomic displacements
during binding, molecular docking algorithms in general do not
take the dynamic nature and environments of biological
systems into consideration [59]. Molecular docking
experiments, which incidentally forms the foundation of
structure-based in silico evaluations, could therefore give
spurious or misleading results and would often require further in
silico validation before proceeding to in vitro and in vivo
confirmations. In this investigation, the binding interaction
information obtained from the molecular docking experiments
with the selected leads, DMC and BDMC, were validated in
molecular dynamics simulation experiments. Analysis of the MD
results indicated that the two leads form stable ALR2
complexes, with BDMC demonstrating more stable
characteristic features than DMC. The convergence of the
instantaneous and initial complex structures occurred much
faster with BDMC than DMC (2 s and 15 s respectively).
However, the maintenance of the deviation of each complex
from the initial structure below 3 A (around 2.5 A) is a strong
indication of stability of the two complexes in the rather dynamic
physiological environment [60]. Analysis of the ligand RMSD
plots in Figure 3 showed that there is a great deal of deviation
(5 A) of each of DMC and BDMC in the binding pocket of the
enzyme, though DMC appeared to enjoy a better constancy of
this deviation over the simulation time period. And though the
Radii of Gyration (RoGs) of the protein in the two complexes
were maintained at the modest values around 19 A, more or
less corroborating stability [61], RMSF plots showed that
fluctuations of residues about their equilibrium positions in the
course of the simulations affected more residues in DMC than
BDMC. These marginal differences observed in the dynamics
of the two demethoxylated curcuminoids can also be attributed
to their different degree of demethoxylation compared to the
parent curcuminoid skeleton.

CONCLUSION

Combining the rational nature of in silico drug discovery
techniques with the structural novelty of natural products,
Aldose Reductase (ALR2) inhibitor leads were sought from
Curcuma longa phytoconstituents. Two  curcuminoids,
bisdemethoxycurcumin and demethoxycurcumin, deprived
respectively of one and two aromatic methoxy groups
(compared to the basic curcuminoid skeleton) were identified as
leads. This work has in a way provided molecular rationales for
the antidiabetic complication claims in the traditional use of
Curcuma longa. It has also uncovered two natural product leads
that could be further explored via in vivo, in vitro and molecular
modification studies towards the discovery of new ALR2
inhibitory antidiabetic complication agents.
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